Abstraer. Preparation and structural characterization of palladium (II) complexes of ligands III-V and copper (II) complexes of III are reported. The elemental analyses of the complexes show that the metal: ligand ratio is 1 : 2. The electrical conductance in acetone shows the non-electrolytic nature of the complexes. The diamagnetic character suggests a gross square-planar geometry for the palladium (II) complexes. Copper (II) complexes are paramagnetic with/~eff.~l'90 B.M. Spectral data suggest that in all the complexes the ligand coordinates to the metal (II) symmetrically through isonitroso-nitrogen and imine-nitrogen, forming a ¡ membered chelate ring. Amine-exchange reactions of the complexes are discussed and compared on the basis of their structures.
Recently, considerable interest has been evinced in the coordination chemistry of isonitroso-fl-ketoimines, for the isonitroso group ()C=NOH) of these ligands can function ambidentately forming coordination compounds having unusual structures. Nickel(II), for example, reacts with isonitrosoacetylacetoneimine(HIAI) forming ah orange red diamagnetic complex for which strueture I (X=CH a, R-~H) has been assigned (Lacey et al 1970; Bose 1970) . The hybrid ring structure is retained when X is substituted by OCH a, OC2H 5, C~H sor NHCeH 5 (Iyengar 1975) . 
R=H, X=CH3, OCH3, etc
11 R= alkyl of aryl complexes having the same asymmetric structure 1I (R = alkyl) (Bose 1970; Iyengar et al 1975; Iyengar 1975) . The novel structure of this type has been confirmed by x-ray single crystal analysis for the molecule II (X=R=CH 3) (McConnel et al 1973) . However, studies involving the coordination compounds of isonitroso-fl-ketoimines CHa, C2Hs, n-CsH,, n-C4H9 Cu(R-L)t n-Cr C6H6CH2 III Pd CH3, C2Hs, n-C3HT, i-C3H7 Pd(R-L)I n-C4Hg, i-C,Hg, t-C4H9 n-C6Hn, C6HsCH2
*The elemental analyses of the complexes show metal to ligand ratio to be I : 2.
ligands with other transition metals ase meagre (Bose et al 1973; Dixit et al 1976) . The present paper reports preparation and characterization of Cu(II) and Pd(II) complexes of ligands III, Ir and V. The amine-exchange reactions of the complexes when R=H ase discussed and compased on the basis of the proposed stiucture. II  II  I~ II  O NOH NR  NOH NR III X=CH3, Y=NHC6H6, NHC6HaCH3 Ir X:C6Hs,Y:CH 3 V X = CH3, y=C6H 5 Table 1 lists the complexes prepared and the abbreviations mentioned therein ase used throughout the text.
Experimental

Materials and physical measurements
Isonitrosoacetoacetanilide (Knorr 1887), isonitrosoacetoacet-p-toludide (Knorr 1887), isonitrosobenzylmethylketone (Kolb 1896) and isonitrosopropiophenone (Hartung and Crossly 1943) were prepared by the reported methods. Copper(II) acetate monohydrate (AR) and palladium (II) chloride (Johnson-Mathey) were used as such. Liquor ammonia (LR, density, 0"88 g/mi), methylamine (33 % aq.), ethylamine (50~ aq.), n-propylamine, iso-propylarnine, n-butylarnine, iso-butylamine, tert-butylaxnine, n-hexylamine and benzylamine (all Riedel products) were used. Orga.nic solvents were of Analas grade. The conductivity of the complexes in acetone was determined with a Siemens conductivity bridge. Molecular weights of the complexes were determined by mass spectroscopy using Atlas Mar Breman Massen spectrometer CH4. Magnetic moments of the complexes were determined at room temperature by Gouy method using Hg[Co(NCS)4] as a ealibrant. IR speetra in Nujol mull were reeorded on a Carl-Zeiss UR-10 speetrometer. Pmr speetra of the paUadium(II) eomplexes in CDC1 a were taken on Vaxian I'-60 and HA-100 speetrometers using TMS as ah internal standard. Nitrogen Is x-ray photoeleetron sper of a few palladium(II) eomplexes were reeorded on a MeCpherson ESCA-36 photoeleetron speetrometer, using aluminium K, x-ray (hv=1486 eV) for the photoeleetron exeitation.
2.1.1. Preparation ofcomplexes: All the Cu(Ir) and Pd(II) eomplexes listed in table 1 were prepared by a general proeedure. Aceording to this method, the required ligand was synthesised in situ by the reaetion of vie-isonitroso ligand with ah appropriate amine and the ligand was then eomplexed to the metal ion. In a typical proeedure, a mixture of isonitrosoaeetoaeetanilide (0"002 mole) and arnmonia (,~3 rol) in methanol (30 rol) was stirred for about 20 ruin. To the resulting dark red solution, eopper aeetate monohydrate (0"001 mole) dissolved in the same solvent was added and the solution was stirred eontinuously for 4 hrs. A erystalline product formed was filtered, washed with methanol and recrystallized from chloroform. Yield, 90 ~.
Amine-exchange reaetions: (a) Reaetions of PdL 2 (L=IANI or IAPI) with
R-NH2, where R:CH 3, C2H 5, n-C3HT, i-C3H 7 or n-C4Hg--A suspension of PdL2 (0"OO1 mole) in 50 rol ehloroform-methanol mixture (1:1 v/v) or iso-propanol (30 rol) was treated with ah appropriate amine (3-6 rol). The reaetion mixture was refluxed over a water bath when the suspension slowly dissolved giving a clear yellow solution. The solution was then partiaUy evaporated in vaeuum when yellow crystals of the eomplexes (80-90%) were obtained. The time required for the eompletion of the reaetion in ehJoroform-methanol mixture when R-----CH 3, C~H~, n-C~HT, i-CaH~ and n-C4Hg, was in the sequenee of 10-12, 8-9"5, 5-6, 4-4"5 and 3-3"5 hr., respeetively. The reaetion times were 2-3 folds less in iso-propanol.
(b) Reaetions of PdL~ (L=IPI, IBMI) with R-NHa (R:CH.v C,Hs, n-C3H7 i-C3H 7 or n-C~H~): These reactions were earried out following the same proeedure as in (a) using PdL~ and ah appropriate amine in iso-propanol. The produets were reerystallised from ehloroform. Yields, 70-95 %. The time required for the eompletion of the reaetion when R----CH 3, C~Hs, n-CaHv, and n-C4H 9 was in the sequenee of 3-4, 2"25-2"55, 1"5-2"2, 1"8 and 1-2 hr., respeetively as indieated by the dissolution of PdIa.
Analy•es
Palladium in the complexes was estimated as its dimethylglyoximate, while copper was estimated iodometrically (Vogel 1951) after deeomposing the complexes with a mixture of perchlorie and sulphurie aeids. C, H and N were estimated by microanalytieal methods.
Results and discusston
The results of the elemental analyses (not given) show that the metal: ligand ratio for all the complexes is 1 : 2. Pd(II) complexes are yellow, while those of Cu(iI) show colours like red, brown and bluish green. In general, the complexes decompose The positions of CO and NH vibrational bands which are significantly modified by the mode of coordination of the isonitroso group and the substituent X may be used asa probe to distinguish the chelate linkage isomerie structures IV and V. In Ni(II) (Lacey et al 1970; Bosr 1970; Iyengar 1975; Iyengar et al 1975; Bose et al 1973) complexes of a series of isonitroso-/~-ketoimines ir has been ration 91 that Veo of isonitroso N-bonded ligand appears at lower wave numbers than that of isonitroso O-bonded ligand and vice-versa for the coordinated vNm In bis (isonitrosoacetoacetanilideimino) nickel(II) (Iyengar 1975) , Ni(IANI)(IANI'), which is suggested to have ah asymmetric structure, for example, Veo and vNa of O-bonded ligand (IANr) occur at 1683 and 3208 cm -1 respectively, while those of N-bonded ligand (IAN0 occur at 1669 and 3365 cm -1. The vibrational frequencies due to CO and NH observed in the present complexes are comparable with the isonitroso N-bonded ligand of Ni(IANI)(IANI'). These results are consistent with the trans-symmetric structure V(X = NHCsH 5, NHCoH4CHa) for the presr complexes. Furthermore, the complexes exhibit an intense band around 1200 cm -z, *Abbreviations: IANI, IAPI, IPI and IBMI rcpresent anions of isonitrosoacetoacetanilideimine, isonitrosoacetoacet-p-toludideimine, isonitrosopropiophenoneiminr and isonitrosobenzylmethylketoimine and R-L dr corresponding alkyl/aryl derivatives. which is characteristic of coupled isonitroso N-bonded NO (Lacey et al 1970) . This evidence also supports the symmetric structure. Structure of the type V has been assigned for Pd(IBMI)a and Pd(IPI)9. The ir spectra of these complexes show vm~ and VNo, respectively, around 3300 and 1150 cm -1. The position and shape of the vm~ band indicate the absence of H-bond.
The nitrogen ls x-ray photoelectron spectrum of Pd(IBMI)~ (figure 1) shows two photoelectron peaks of almost equal imensities. The peaks at 399.4 and 401.0 eV have been assigned to azomethine nitrogen and isonitroso nitrogen coordinated to Pd(II), respectively. The binding energies ate in excellent agreement with the coordinated nitrogens of isonitroso-fl-ketoimine ligands (Swartz-private communication) . These results also confirm the Pd-N, coordination in Pd(IBMI) 2.
Structure of Pd(R-L)~ complexes
The ir pattern in the region 400-1800 cm -1 of Pd(R-L)~ complexes (R-aklyl, aryl and L=IANI, IAPI) arc similar to those of the corresponding PdL~ comp]exes, except for the absence ofcoordinated VNH in the former complexes. The %o and VNo in the complexes occur in the 1650-1670 cm -t and 1150-1200 cm -t rr respectively. These results indicate symmetric structure of the type V for the present complexes. The structure ofthis type has been confirmed (Dixit et al 1977) by single crystal x-ray analysis for the molecule bis(N-ethyl isonitrosoacetylacetoneimino) paUadium (H). Pd(R-L)2 complexes (L=IBMI, IPI) ate also suggested to llave a similar structure. The characteristic isonitroso N-coordinated VNo of these complexes appears in the 1145-1170 cm -1 region. The ir data indicate structure V for all Cu(R-L)2 complexes.
The pmr spectral data of representative complexes are given in table 2. The spectrum of Pd(C~Hs-IANI) ~ shows only one set of proton signals due to CH 3, NHC6H 5 and NHCeH 5 respectively, at 7"28, 2.50 and --1.55z. The protons due to )C:N-(C~Hs) moiety display a characteristic triplet and quartet pattern. Similarly the spectra of Pd(R-IBMI)~ and Pd(R-IPI) 2, where R=CH• or C2H 5, also exhibit single resonanees due to CH a and CeH 5 of the ehelate ring around 8.00 and 2.70~-, respeefively.
The N Is x-ray photoeleetron speetra of Pd(C2Hs-IPDz and Pd(n-CaH~-IAPI) 2 show two peaks around 399.0 and 401.0 eV, which ate assignable to eoordinated azomethine nitrogen and isonitroso nitrogen, respeetively. However, the intensity of the signal at 401.0 eV in the speetrum of Pd(n-C3HT-IAPI), is twice that of the lower energy peak. This suggests the merging of N ls signal of the nitrogen of NHCeH 5 moiety with that of the isonitroso nitrogen. This observation may be ascribed to very small differenee in their ionization potentials. The pmr as well as N Is spectral data eoupled with ir data therefore, confirm the trans-symmetrie structure with Pd-N 4 coordination sphere for all the di-alkyl complexes.
Amine-exchange reaetions of the eomplexes
A large excess of amine is used in the preparation of M(R-L)2 complexes by the reaction of ML~ with R-NH, (eq. 1). Qualitatively, the time required for the reaction (eq. 1) decreases in the order CHa>C, This sequence roughly corresponds to the reverse order of the basicities of the amines.
M=Pd(U), Cu(II); R=straight or branched chaJn alkyl. These observations illustrate that in the present examples high concentration and basicities of the substituting amine are the driving forces of the anune-exchange reactions. These results are in agreement ~ith thosc reported by Verter and Frost 0960) and Olzewski and Martin 0965) in their studies on the amine-exchang• rcactions of bis(s 91 Cu(II). In contrast to PdL2, the ligands in CuL2 do not undergo amine-exchangc with isopropylamine. The difference in the reactions of CuL~ and PdL~ may be attributed to the stcric hindrance between the protruding ~N--O and ~N--R in cŸ positions. This is expected due to the smaller size of Cu(II) (0.72A) as compaxed to that of Pd(II) (1.24 93 Howevcr, Pd(II) complexes with R=i-C4H~ could not be prepared by the amine-exchange reactions. This suggests that even in the case of Pd(II) complexes, steric factors ate operative when R is suf¡ bulky. However, these complexes are obtained in low yields by tke direct method.
A significant feature of the present studies is that the ligands coordinate symmetricaUy to the metal ions investigated, irrespective of the nature of substituents on the azometlª nitrogen (R) and carbonyl carbon (X). This is in contrast to isonitrosoacetylacetoneimine, which forros asymmetric complexes with Ni(II) (Bose 1970 , Bose et al 1973 Cu(II) (Dixit et al 1976) and symmetric (Pd-N, N, N, N) as weU as asymmertic (Pd-N, N, N, O) with Pd(II) (Bose et al 1973) . Further, N-alkyl isonitrosoacetylacetoneimine produces symmetric complexes with Cu(II) (Dixit et al 1976) and Pd(II) (Bose et al 1973) and such complexes ate not formed by Ni(II), Although, rationalization &the factors influencing the bifunctional coordination of the isonitroso group is difficult, it appears that the electron acceptor and/or donor properties of X and R dictate the mode of linkage of the isonitroso group.
